W AKERLIN and co-workers showed that injections of heterologous (hog) renin into dogs resulted in the formation of an antienzyme or antibody, antirenin, capable of neutralizing the pressor activity of hog and dog renins in vivo and in vitro. Working with benign experimental renal hypertension, they showed that injections of crude and semipurified hog renins prepared from renal cortex prevented the rise of blood pressure following renal artery constriction. These renal extracts also lowered the blood pressure of dogs with recent or long standing experimental renal hypertension. There was strong correlation between the antirenin titers and the antihypertensive effects in the prophylaxis and treatment experiments. The correlation was weak or nonexistent when crude hog renins from whole kidney were used suggesting that the renal medulla interfered with the antihypertensive effects of hog renin or some related renal protein. Recent work indicates that the effect of medullary protein is greatly decreased by further purification of hog renin from whole kidney. 1 These results with hog renin have been confirmed by Goldblatt and co-workers 2 and by Helmer and co-workers. 3 In view of the findings with benign experiFrom the Department of Physiology, University of Illinois College of Medicine, Chicago, 111.
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mental renal hypertension, a study was made of the effects of crude and semipurified hog renins from whole kidney and from cortex on the hypertension, arteriolonecrosis and course of experimental renal malignant hypertension in the dog.
METHODS
The crude renal extracts (crude hog renin) were prepared from fresh hog kidneys obtained shortly after removal from the carcass. Cortex tissue was separated from the medulla by manual dissection. The fresh tissues were ground and dehydrated and defatted with acetone and ether. The whole kidney and renal cortex powders were extracted for 16 to 20 hours with a volume of 0.9 per cent NaCl and 0.5 per cent NaHCO-3 solution to make 1 Gm. of fresh tissue equivalent per cubic centimeter. After separation of the residue, the extract was adjusted to pH 4.0 with 2 N HC1. The resulting precipitate was discarded and the supernatant phenolized (0.5 per cent) and stored in the refrigerator. The entire process was carried out at temperatures between 0 and 5 C. This crude hog renal extract contained renin at a purity of 1 Dog Unit (DTJ)* per milligram N. Crude hog liver extract was prepared in identical manner as a control. Semipurified hog renin was prepared from crude renal extract by an adaptation (Marshall) 4 of the cold alcohol protein fractionation method of Cohn and associates. 6 Various lots of semipurified renin had a purity of 50 to 100 DU per milligram N.
The dose of crude hog renins as well as crude hog liver extinct in terms of fresh tissue was 1.0 Gm.
(1.0 cc.) per kilogram of body weight. In terms of renin the crude hog renin from cortex was given in a dose of 2.5 DU per kilogram (1.0 cc), and crude hog renin from whole kidney in a dose of 2.0 DU per kilogram (1.0 cc). The dose of semipurified renins was 10.0 DU per kilogram. All injections were made intramuscularly six days per week for three months prior to renal artery constriction and during the survival period up to one month. Tables 1 to 6 present direct mean femoral blood pressure averages during the period prior to renal artery constriction and during the survival period in those clogs living longer than two weeks. Pressures were determined approximately five times a month or oftener when indicated. In dogs surviving less than two weeks only the maximum pressures was approximately three times that distal to the clamp as determined by digital palpation. 6 The diagnosis of arteriolonecrosis is based upon the microscopic finding of frank necrosis of the arterioles with pyknotic nuclei, hyaline replacement and perivascular infiltration consisting chiefly of red blood cells and polymorphonuclear leukocytes.
Data were analyzed statistically by the FisherYates method for 2 X 2 contingency. 7 
RESULTS
Six groups of dogs were used. Group I consisted of 14 untreated control dogs. After renal artery constriction all of these dogs developed hypertension; 13 had elevated Antirenin AU/cc.
* Number of blood pressure readings in parentheses.
are given. The blood pressures during the period of injections prior to renal artery constriction in dogs of groups II to VI were not significantly different from the preinjection period nor from the control pressures in the uninjected dogs (group I). Antirenin was determined by bioassay and reported in antirenin units (AU)* per cubic centimeter of serum. Blood urea nitrogen was measured when indicated by the urease or Van Slyke methods. Malignant hypertension was produced by constricting the renal arteries bilaterally at the same operative sitting to such a degree that the pulse in the renal artery proximal to the Goldblatt clamp * One AU is that amount of antirenin which will completely neutralize the acute pressor effect of 1 DU of renin.
blood urea nitrogen and died within 3 to 10 days (table 1). One of four dogs which lived three days and all dogs surviving for 4 to 10 days showed arteriolonecrosis. One dog, while hypertensive, had no increase in blood urea nitrogen, did not die and showed no arteriolonecrosis when sacrificed 115 days after operation.
Group II: Five dogs were injected with crude hog liver extract. Following constriction, the dogs in this group living longer than two days developed hypertension and elevated blood urea nitrogen and three of the dogs died in three to seven days with arteriolonecrosis ( (table  4) . This group can be subdivided into dogs with titers of 2.5 AU or more and those with titers of less than 2.5 AU. Only one of the seven dogs with titers of 2.5 AU or more developed hypertension. All seven developed elevated blood urea nitrogen; four died and three lived until sacrificed. The 11 dogs with titers less than 2.5 AU all developed hypertension. All but showed elevation of blood pressure after constriction; all had increased blood urea nitrogen and three died in 3, 4 and 16 days, respectively. One dog survived until sacrificed. One dog (the 16 day survivor) developed arteriolonecrosis.
+ X n i n b e r of Mood p r e s s u r e r e a d i n g s iti p a r e n t h e s e s . TAHLK ().-Effect of Semi purified Hog Henin from Cortex in Experimental Renal Malignant Hypertension
Group VI: Six dogs received semipurified hog renin from cortex (table 6). The dog with the lowest titers, 2.0 and 6.0 AU, developed hypertension, while the four dogs with higher titers, 7.0, 13.0, 15.0 and 25.0 AU, did not become hypertensive. All had elevated blood urea nitrogen and all died in four to six days.
HOG RENAL EXTRACTS IN MALIGNANT HYPERTENSION
The two hypertensive dogs showed arteriolonecrosis.
DISCUSSION
There is strong correlation between the antirenin titer and the antihypertensive effect in the absence of medullary protein suggesting that renin (or a renal protein closely related to renin) is involved pathogenetically in the hypertension of experimental malignant hypertension produced by this technic. Goldblatt 8 refers to similar findings in experimental malignant hypertension. Although this correlation indicates the participation of antirenin in the antihypertensive effect of the renal extracts, the possibility remains that this effect may be due to some other antibody such as antisustained pressor substance (anti-SPS). 6> 9 In group V there is poor correlation between antihypertensive activity and antirenin titer. Evidently the medullary protein, even in small amounts, interferes with the antihypertensive activity of semipurified hog renin from whole kidney in experimental malignant hypertension. [Because the antirenin titers in group III were low (less than 2.9 AU), no definite conclusion can be drawn about the interfering effect of medullary protein in this group.]
The minimum antirenin titer giving an antihypertensive effect in group IV was 2.5 AU, while in group VI it was 7.0 ATJ. This difference may well be on the basis of individual variations in the effective titer rather than a difference in the effectiveness of the crude versus the semipurified extracts.
The blood urea nitrogen was elevated in most of the dogs in all experimental groups and no over-all correlation could be found between this factor and hypertension, arteriolonecrotic lesions or length of survival.
The survival of half of the dogs in group IV is statistically significant (p = 0.018) compared with the untreated control group and statistically different from all other groups taken as an aggregate with p = 0.049. Apparently the substance responsible for protection against death is lost or rendered ineffectual by our renin purification process, is blocked by the presence of medullary protein and is not contained in liver extract since none of the other groups (II, III, V and VI) showed significant protection against death. This protective effect against death is probably not due to protection against hypertension or the retention of nitrogenous waste products since both were present in some of the surviving dogs in group IV. The surviving dogs Avere protected against some lethal factor operative in experimental malignant renal hypertension as Avell as against arteriolonecrotic lesions.
The protection against arteriolonecrosis by crude renal cortex extract was highly significant: P = 0.005 comparing group IV Avith group I, and p = 0.006 comparing group IV with group II. Depending upon the concept of pathogenesis of arteriolonecrosis in experimental malignant hypertension, several possible explanations can be offered for the activity of the crude renal cortex extract against these lesions. Since at least six dogs in group IV had some degree of renal insufficiency and hypertension but no lesions, these two factors seem relegated to contributory importance in the production of arteriolonecrosis in these experiments. If, howe\ r er, these lesions are the result of a necrotizing substance from the damaged kidney as suggested by Winternitz, 10 then the renal cortex extract may act by blocking this necrotizing substance either directly or indirectly (for example, through antibody formation). If such a substance is involved, it is probably not renin, since there was no correlation between the antirenin titer and protection against arteriolonecrosis. Thus there Avas protection against lesions in group IV even though some antirenin titers Avere as low as 0.4 AU, Avhile two dogs in group VI were not protected although their titers were 2.0 and 6.0 AU. The results also suggest that purification of the renal cortex extract decreases its effectiveness. Selye's work 11 suggests that the lesions of malignant hypertension are the result of the over-production of the adrenocortical steroids (particularly DCA) in the presence of renal insufficiency. If these factors are operate in experimental renal malignant hypertension, then the crude renal cortex extract may afford protection by directly altering the stress response of the anterior pituitary and the adrenal cortex, or indirectly by blocking their humoral mechanisms. Arteriolonecrotic lesions in the bilaterally nephrectomized dogs of Grollman, Muirhead and coworkers 12 ' 13 have been explained by the lack of some "regulating or stabilizing factor" normally supplied by the kidney. If the lesions in our dogs are due to a decrease in such a regulating factor, it is possible that crude hog renal cortex extract protects by substituting for this deficiency.
Further work is necessary to determine the mechanism of protection afforded by the crude renal cortex extract against both death and arteriolonecrosis. It would be interesting to attempt protection against the arteriolonecrotic lesions produced by other methods, especially those of Selye and Grollman. Fractionation of the crude hog renal extract and study of dog renal extracts would also yield valuable information . CONCLUSIONS 1. Ream or some closely allied protein appears to be involved in the pathogenesis of the hypertension of experimental renal malignant hypertension in the dog.
2. Antirenin, produced by the injection of crude or semipurified renins prepared from hog renal cortex, is well correlated with protection against this hypertension.
3. Crude hog renin prepared from cortex is highly effective in protecting against arteriolonecrosis and partially effective against death in experimental renal malignant hypertension.
4. Semipurified hog renin from cortex is not effective in preventing death and only partially effective in preventing arteriolonecrosis.
5. Medullary protein from hog kidney appears to interfere with protection against hypertension, arteriolonecrosis and death.
6. Further work is necessary to clarify the mechanisms of protection against arteriolonecrosis and death by crude hog renin prepared from cortex.
